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ABSTRACT 

PURPOSE: To suppress the generation of a signal delay by adopting the 
circuitry in which a light shielding film and additive capacity common 
wiring are connected in parallel. 

CONSTITUTION: Metallic layers 10a to 10c are respectively so formed as to 
embed contact holes 7a to 7c and are connected to a source electrode, a 
drain electrode 24 and the additive capacity common wiring 8. The light 
shielding film 15 is so patterned and formed as to embed the contact hole 
9c in addition to the upper part of a thin-film transistor(TFT) 25. The 
light shielding film 15 constituted in such a manner and the additive 
capacity common wiring 8 are formed in parallel. The light shielding film 
15 and the additive capacity common wiring 8 are electrically connected via 
the contact holes 7c, 9c respectively provided in first and second 
interlayer insulating films. Then, the circuitry in which the light 
shielding film 15 and the additive capacity common wiring 8 are connected 
in parallel is obtained and the resistance is lowered, by which the 



generation of the signal delay is suppressed. 
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Active Matrix Substrate 
(57) [Abstract] 
[Purpose] 

To make a signal hardly delay in an active matrix substrate by reducing 
resistance of a wiring for sending signals. 
[Structure] 

A light shielding film 15 and an additional capacity common wiring 8 are 
formed to be parallel and the light shielding film 15 and the additional capacity 
common wiring 8 are electrically connected to each other through contact holes 7c and 
9c, and so a circuit has a structure in which the light shielding film 15 and the 
additional capacity common wiring 8 are parallel connected to each other. 
Consequently resistance can be reduced. 
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[Claims] 
[Claim 1] 

An active matrix substrate described in claim 1, comprising; 

a space structure having a pixel electrode, a light shielding film, and an 
additional capacity common wiring which are stacked with interlayer insulating films 
therebetween respectively; and 

a plane structure having the pixel electrode in a matrix form, the light shielding 
film being formed in a striped shape along to the pixel electrodes aligned in a line, and 
the additional capacity common wiring being formed parallel to the light shielding 
film, 

wherein the light shielding film is connected to the additional capacitor common 
wiring electrically through a contact hole formed in the interlayer insulating film. 
[Claim 2] 

The active matrix substrate according to Claim 1 wherein the light shielding film 
is made of W, Ti, Mi, or H- W alloy. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The present invention relates to a method for manufacturing an active matrix 
substrate used for an active matrix liquid crystal display or the like. 
[0002] 
[Prior Art] 

In recent years, an active matrix display device using a liquid crystal or the like 
as a display medium has been actively researched. Particularly, an active matrix 
type display device using a liquid crystal is researched as a flat display and steady 
results are yielded. An active matrix type liquid crystal display like this has an active 
matrix substrate including a pixel electrode, a thin film transistor (TFT), or the like, a 
counter substrate including a counter electrode, and a liquid crystal layer sealed 
therebetween. 
[0003] 
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Especially in an active matrix type liquid crystal display which is designed to be 
small with high definition, a pixel becomes small due to its design. That leads to the 
reduction of the condenser capacity between a pixel electrode and a counter electrode* 
Therefore, a problem arises that an image signal cannot be held for a required time. 
Further, a problem arises that a potential oscillation of the bus wiring for an electric 
potential of the pixel electrode grows also. Consequently, an additional capacity is 
provided to supply the shortage of the capacity between the pixel electrode and the 
counter electrode. 
[0004] 

FIG 4 is a plan view of a pixel of a conventional active matrix substrate having 
an additional capacity. FIG 5 is a cross-sectional view of the active matrix substrate 
crossing a TFT 25 (which is a cross-sectional view of FIG 4 taken along a line B-B')« 
In the active matrix substrate, a semiconductor layer 30 made of polycrystalline silicon 
having channel layers 12a and 12b, a source electrode 23, and a drain electrode 24 is 
formed over an insulating substrate 11. Electrical resistance of the semiconductor 
layer 30 is lowered by performing doping by an ion implantation process except for the 
channel layers 12a and 12b. 
[0005] 

A gate insulating film 13 is formed over the substrate 11 covering the 
semiconductor layer 30. Gate electrodes 3a and 3b made of either n + or p + 
polycrystalline silicon and an additional capacity electrode 6 are formed over the gate 
insulating film 13. The foregoing doping is carried out using the gate electrodes 3a 
and 3b as masks. The gate electrode 3a is a part of the gate bus wiring 1 itself and the 
gate electrode 3b is a portion branched from the gate bus wiring 1 as shown in FIG 1. 
The additional capacity electrode 6 is a part of a stripe shaped additional capacity 
common wiring 8 as shown in FIG 1 and the additional capacity is formed of a facing 
portion of the additional capacity common wiring 8 and the pixel electrode 4. 
[0006] 

Fiirther, a first interlayer insulating film 14 is formed overt the entire surface of 
the substrate 11 covering the gate electrodes 3a and 3b. The first interlayer insulating 
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film 14 has through holes 7a and 7b. A metal layer 10a which is a portion branched 
from the source bus wiring 2 is formed over the through hole 7a. Further, there is 
also a metal layer 10b which is formed simultaneously with the metal layer 10a 
branched from the source bus wiring 2 separately from the source bus wiring 2. The 
source bus wiring 2 is connected to a source electrode 23 of the TFT 25 through the 
through hole 7a. The TFT 25 has a structure called a dual gate having the gate 
electrodes 3a and 3b. The other contact hole 7b is filled with metal such as Al to keep 
an electrical connection between the drain electrode 24 of the TFT 25 and the metal 
layer 10b with reliability. 
[0007] 

A second interlayer insulating film 17, a light shielding film 15, a third interlayer 
insulating film 18, and a pixel electrode 4 are formed sequentially thereover. The 
light shielding film 15 and the foregoing metal layer 10b are connected to each other 
through the contact hole 9b formed in the second interlayer insulating film 17. The 
light shielding film 15 is made of Ti-W alloy or the like. The light shielding film 15 
realizes an ohnuc contact between metal such as Al which fills the contact hole 7b and 
the pixel electrode 4 made of TTO or the like. The light shielding film 15 and the 
pixel electrode 4 are connected to each other through the contact hole 16b formed in 
the third interlayer insulating film 18. 
[0008] 

[Problems to be solved by the Invention] 

In this conventional substrate, there is an enough time in the case of a source bus 
wiring 2 which is the first to be turned ON after one gate bus wiring 1 turns ON, until 
the gate bus wiring 1 turns OFF. Consequently, an image signal from the source bus 
wiring 2 can be written to the pixel electrode 4 and an additional capacity electrode 6 
with an enough time. However, in the case of the source bus wiring 2 which is the 
last to be turned OFF there is only a short time before the gate bus wiring 1 rums OFF, 
and so a time for writing an image signal is limited. 
[0009] 

Further, it cannot be said that resistance of the additional capacity common 
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wiring 8 is small since it is made of polycrystalline silicon of n + . Therefore, there 
arises a problem as follows. A signal sent through the additional capacity common 
wiring 8 delays and cannot be written into the pixel electrode 4 in the limited time, 
which leads to the oscillation of the electric potential written into the pixel electrode 4. 
The problem is described as follows on the basis of FIG 6. 
[0010] 

FIG 6 is an equivalent circuit diagram of a pixel. A capacity CLC is formed of 
a pixel electrode 33 which is connected to a drain electrode 32 of a TFT 31, a counter 
electrode 34 which is connected to a counter electrode wiring and which faces the pixel 
electrode 33a, and a liquid crystal formed therebetween. The drain electrode 32 of 
the TFT 31 is connected to an additional capacity common wiring via an additional 
capacity CS. Further, a capacity Cgd is formed between a gate electrode 35 and the 
drain electrode 32 of the TFT 31. 
[0011] 

When a signal for turning ON the gate is sent to the gate bus wiring of the TFT, 
the TFT is turned ON, and so the image signal Vd is written to the source bus wiring. 
Here, a time constant of an additional capacity common wiring to transmit the signal is 
represented by xCS, and the time needed to write the signal to the pixel electrode is 
represented by TON. When a condition, xCS ({ TON is not fulfilled, there arises a 
problem as follows. Charging of the additional capacity Cs is not made enough and 
the potential of the pixel electrode oscillates. 
[0012] 

After TFT turns OFF and plenty of time has passed compared to tCS, a potential 
Vd' of the pixel electrode which corresponds to the actual display state is described by 
a following formula 1. 
[0013] 

Vd' = Vd - {Cgd / (Cgd + CLC + CS) • AVg} - a »• (1) 
The AVg represents a difference between gate potentials when the TFT is turned ON 
and OFF. The a represents a change of the electric potential which occurs because the 
additional capacity cannot be charged enough within the time for writing. The a is 
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described by a following formula 2. 
[0014] 

a = Vd • exp Ton / tCS) • {CS/ (Cgd + CLC + CS)} - (2) 
The second term of the foregoing formula (1) represents a potential variation of the 
pixel electrode which occurs because a potential of the gate bus wiring varies to make 
the TFT turned OFF. The second term of the formula (1) and the a in the formula (2) 
should be small so as to make the written image signals displayed faithfully. In order 
to make the second term of the formula (1) small, a following formula should be 
fulfilled. 

Cgd«CLC + CS~(3) 
In an active matrix substrate with high definition, a pixel electrode is small, and so 
CLC is also small. Therefore, to fulfill the formula 3, the additional capacity CS is 
required to be large to an extent. 
[0015] 

Since the additional capacity CS is required to be large to an extent, the 
following formula needs to be fulfilled in order to make the a small. 
Ton«iCS-(4) 

In a small active matrix substrate with high definition in which a driving and a TFT 
array are formed over one substrate, the formula 4 is particularly difficult to be fulfilled. 
The reason is described as follows. 
[0016] 

1. The number of the gate bus wirings is increased, and so a time for one gate 
bus wiring becomes shorter. 

[0017] 

2. When a driver IC is mounted on the substrate, the image signal is sent to the 
all source bus wirings simultaneously, and so no problem arises. However when a 
sample and hold panel is employed, the image signal is sent to each one of the source 
bus wiring sequentially, and so a time for the source bus wiring which is the last to be 
written is shorter. 

[0018] 
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3. The wirings need to be thin to prevent the decrease of an aperture ratio due to 
the high definition of the display device. Therefore, resistance of the additional 
capacity wiring becomes larger, and so tCS cannot be smaller. 

[0019] 

4. Even when the number of the pixel is increased, the size of the electrode of 
the additional capacity per one pixel cannot be smaller. Consequently, the sum total 
of the additional capacity which is connected to one additional capacity common 
wiring become larger, and so tCS cannot be smaller, 

[0020] 

As a solution for the problems, applying a voltage having the same electric 
potential as that of the counter electrode to the both ends of the additional capacity 
common wiring can be taken into consideration. However, it cannot be a sufficient 
solution since resistance of the additional capacity common wiring cannot be reduced 
enough. 
[0021] 

In view of the foregoing, it is an object of the present invention to provide an 
active matrix substrate in which resistance of wirings for sending a signal is small and 
the signal hardly delays. 
[0022] 

[Means to solve the Problem] 

An active matrix substrate according to the present invention has a space 
structure which includes a pixel electrode, a light shielding film, and an additional 
capacity common wiring laminated with an interlayer insulating film therebetween 
respectively; and a plane structure which includes the pixel electrode in a matrix form, 
the stripe shaped light shielding film being formed along and parallel to the pixel 
electrodes aligned in a line, and the additional capacity common wiring being formed 
parallel to the light shielding film wherein the light shielding film is connected to the 
additional capacity common wiring electrically through a contact hole formed in the 
interlayer insulating film. 
[0023] 
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The foregoing light shielding film can be made of W, T% Mi, or H-W alloy. 
[0024] 

[Mode of the Invention] 

In the present invention, a light shielding film and an additional capacity 
common wiring are formed parallel to each other. The light shielding film and the 
additional capacity common wiring are electrically connected to each other through a 
contact hole in an interlayer insulating film. Therefore, resistance is reduced because 
the circuit has the light shielding film and the additional capacity common wiring 
connected parallel to each other. 
[0025] 

[Embodiment] 

FIG 3 is a schematic plan view of an active matrix display device. 
[0026] 

The display device has a gate drive circuit 54, a source drive circuit 55, and a 
TFT array portion 53 over an insulating substrate 11 made of glass or the like. The 
TFT array portion 53 has a multitude of gate bus wirings 1 extended from the gate 
drive circuit 54 as parallel scanning lines. Similarly, a multitude of source bus 
wirings 2 extended from the source drive circuit 55 are placed so as to make right 
angles with the gate bus wiring 1 as signal lines. Further, a plurality of additional 
capacities common wirings 8 are placed in parallel with the source bus wirings 2* 
[0027] 

A rectangular shaped region between two gate bus wirings 1 and also between 
the source bus wiring 2 and the additional capacity common wiring 8 has a TFT 25, a 
pixel 57, and an additional capacity 27. A gate electrode of the TFT 25 is connected 
to the gate bus wiring 1 and a source electrode of the TFT 25 is connected to the source 
bus wiring 2. The pixel 57 includes a liquid crystal sealed between a pixel electrode 
connected to a drain electrode of the TFT 25 and a counter electrode formed over a 
counter substrate. The additional capacity common wiring 8 is connected to an 
electrode which has the same electric potential as that of the counter electrode. 
[0028] 
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FIG 1 is a plan view of a pixel of an active matrix substrate according to this 
embodiment. FIG 2 is a cross-sectional view of FIG 1 taken along line A-A\ 
Following is an explanation of a construction of the active matrix substrate following 
to the manufacturing processes. 
[0029] 

After a semiconductor layer 30 made of polycrystalline silicon is patterned over 
an insulating substrate 11 by a CVD method or the like, an insulating film which 
serves as a gate insulating film 13 is formed over the entire surface of the substrate 11. 
The insulating film is formed by a CVD method, a sputtering method, a thermal 
oxidation of a top surface of the foregoing polycrystalline silicon insulating thin film 
30 or the like. A thickness of the gate insulating film 13 is, for example, 
approximately 100 nm. A thickness of the semiconductor layer 30 is, for example, 
approximately 40 to 80 nm. 
[0030] 

After low resistance polycrystalline silicon is adhered, the gate bus wiring 1, 
gate electrodes 3a and 3b, and the additional capacity common wiring 8 are formed by 
patterning. The additional capacity common wiring 8 includes an additional capacity 
electrode 6 which is a protruding portion. Then, ion implantation is carried out to the 
semiconductor layer 30 except for a portion under the gate electrodes using the gate 
electrodes 3a and 3b as masks and a mask formed by a photolithography method. 
Thus, channel layers 12a and 12b are formed in the semiconductor layer 30. 
[0031] 

A first interlayer insulating film 14 is formed over the entire surface of the 
substrate to have a thickness of, for example, 700 nm. Then, contact holes 7a, 7b, and 
7c are formed in the predetermined positions of the first interlayer insulating film 14. 
The contact holes 7a, 7b, and 7c are placed over the source electrode 23, the drain 
electrode 24, and the additional capacity common wiring 8, respectively. 
[0032] 

The source bus wiring 2 and metal layers 10a, 10b, 10c, or the like are formed 
simultaneously using low resistance metal such as AL The metal layers 10a, 10b, and 
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10c are formed so as to fill the contact holes 7a, 7b, and 7c and to connect to the source 
electrode 23, the drain electrode 24, and the additional capacity common wiring 8, 
respectively. The thicknesses of the portions of the metal layers 10a, 10b, and 10c 
which are over the first interlayer insulating film 14 are, for example, 600 nm. The 
metal layer 10a is the portion branched from the source bus wiring 2 which is 
connected to the source electrode 23 through the metal layer 10a and the contact hole 
7a. 

[0033] 

A second interlayer insulating film 17 is formed over the whole substrate to have 
a thickness of 600 nm by a CVD method or the like* Then, contact holes 9b and 9c 
are formed in the second interlayer insulating film 17. The contact hole 9b is formed 
to connect the drain electrode while the contact hole 9c is formed to connect a light 
shielding film 15 to the additional capacity common wiring 8 electrically. 
[0034] 

Then, the hght shielding film 15 is pattern formed over the TFT 25 to fill the 
contact holes 9b and 9c, A material for the light shielding film 15 is Ti-W alloy or the 
like and a thickness of the light shielding film 15 is 120 to 150 nm or the like. 
Although the light shielding film 15 is not formed around the contact hole 9b, light 
does not leak since the metal layer 10b is formed in the area. The light shielding film 
15 can be made of metal such as W, Ti, Mo or the like in addition to the foregoing 
H-W alloy. The light shielding film 15 over the contact hole 9b is formed to make an 
Ohmic contact between the drain electrode 24 and a pixel electrode 4 which is 
described later. 
[0035] 

A third interlayer insulating film 18 is formed to have a thickness of 200 nm, and 
a contact hole 16b is formed to form the pixel electrode 4. 
[0036] 

Therefore, in the active matrix substrate manufactured according to the present 
embodiment, the light shielding film 15 is formed to be parallel to the additional 
capacity common wiring 8, so the light shielding film 15 and the additional capacity 
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common wiring 8 axe connected through the contact holes 7c and 9c which are 
formed in the first and second interlayer insulating films, respectively. Consequently, 
the light shielding film 15 and the additional capacity common wiring 8 are parallel 
connected to each other in the structure of the circuit, and so resistance of the circuit 
can be lowered. Thus the generation of the signal delay can be controlled. 
[0037] 

Further, since the additional capacity common wiring 8 and the light shielding 
film 15 have a double layer structure, a break of the additional capacity common 
wiring 8 which occurs when thinning the additional capacity common wiring 8 to 
increase an aperture ratio can be prevented. 
[0038] 

[Effect of the Invention] 

As explained above, in an active matrix substrate according to the present 
invention, a circuit has a structure in which a light shielding film and an additional 
capacity common wiring are parallel connected to each other. Therefore resistance 
is reduced and a generation of the delaying of a signal can be controlled. Further, 
since the light shielding film and the additional capacity common wiring form a 
double layer structure, the additional capacity common wiring can be thinned in a 
state in which a break is prevented. Consequently, a high definition display device 
having a large aperture ratio and a bright screen can be provided. 
[Brief Description of Drawings] 

FIG 1 is a plan view of a pixel of an active matrix substrate in this embodiment. 
FIG 2 is a cross-sectional view of FIG 1 taken along a line A-A' 
FIG 3 is a schematic plan view of an active matrix display device having the 
active matrix substrate of FIG 1. 

FIG 4 is a plan view of a pixel of a conventional active matrix substrate. 
FIG 5 is a cross-sectional view of FIG 4 taken along a line B-B'. 
FIG 6 is an equivalent circuit diagram of a pixel. 
[Description of the References Symbols] 
1 gate bus wiring 



12 



English Translation of JP05-257164 



2 source bus wiring 

3a and 3b gate electrode 

4 pixel electrode 

6 additional capacity electrode 

7a, 7b and 7c contact hole 

8 additional capacity common electrode 

9b and 9c contact hole 

10a, 10b and 10c metal layer 

11 insulating substrate 

12a and 12b channel layer 

13 gate insulating film 

14 first interlayer insulating film 

15 light shielding film 
16b contact hole 

17 second interlayer insulating film 

18 third interlayer insulating film 

23 source electrode 

24 drain electrode 

25 TFT 

30 semiconductor layer 
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